(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




11 



(19) World Intellectual Property Ori^anlzatioii 
International Bureau 

(43) International Publication Date (1^) International Publication Number 

21 March 2002 (21.03 Jmi2) pCT WO 02/23936 Al 



(51) IntematioBal Patent ClanificatloD^: H04Q 7/38 

(21) Internatiottal Application Nnmben FCr/SEOI/01927 

(22) Inteniational FDing DaU: 

7 September 2001 (07.09.2001 ;> 



(25) Filiog Language: 

(26) Publication Language: 
(30) Priority Data: 



EngUsli 
EngUsti 



09/663.934 



18 Sqitember 2000 (18.09.2000) US 



(71) AppUcant: TELEFONAKTIEBOLAGET L M ERICS- 
SON (pubO [SE/SE]: S126 25 Stockholm (SE). 

(72) Inventors: JOHANSSON, Staffen; DuvhOksgiand IS. 
S-974 55 Luleft (SE). JONSSON, Erik; Markv^ 25, 
S-974 SI Uileft (SE). HANSSON, Stefan; Stoigatan 8BI. 
S-972 38LuleA(SE). 



(74) Agent: MAGNUSSON» Monica; Ericsson Radio Systems 
AB, Psatent Unit Radio Access. S-164 80 Stockholm (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA. BB. BG. BR, BY, BZ, CA, CH. CN, CO, CR, CU. 
CZ, DE, DK. DM. DZ, EC, EE. ES, H, GB, GD, GE. GH. 
GM. HR, HU, ID. IL, IN, IS, JP. KE, KG, KP, KR, KZ, LC, 
LK, LR. LS. LT, LU. LV, MA, MD, MG, MK. MN, MW, 
MX, MZ, NO, NZ, PH, PL, PT, RO, RU. SD, SE, SG, SI. 
SK, SL. TJ. TM, TO. TT, TZ. UA, UG. US. UZ, VN, YU. 
ZA,ZW, 

(84) Designated States (regional): ARIPO patent (GH. GM, 
KE, LS, MW. MZ. SD, SL. SZ, TZ, UG, ZW), Eurasian 
patent (AM. AZ. BY. KG. KZ, MD. RU. TJ. TM), European 
patent (AT. BE. CH, CY, DE, DK, ES, FI. PR. GB, GR, IE, 
IT, LU, MC, NL. PT, SB, TR), OAH patent (BP, BJ. CP, 
CO, a, CM, GA, GN, GQ, GW. ML, MR, NE, SN. TD, 
TG). 



[Continued on next page] 



g (54) Tttle: INCREASED RADIO COMMUNICATION CAPACITY USING TOANSMIT POWER BALANCING 



NO 

i 



c 



Poww Balance 



10 



tlviM OVMIOM OOrMRlOR 11 CM 



16 



MBrtM^ UE wHh oonnwiion to ndto iMtwoik 
In col l Md 6612 



i 



18 



lYBvemofawWdo^iwfckradtotralllcl^ 



I 



PsmttAwnlnk radio traffic from C8l 2 to UE 



1 



I 



22 



PamftuiAnkraiflo transmission^ 1 
and ooitiol signaino beMirm 



(57) Abstraet: A transmit power load balancing 
technique in accordance with the present invention 
is used to increase the overall conununication 
capacity of a radio conununications system without 
incurring substantial, additional control signaling. 
An overloaded connection in a first cell serviced 
by a racfio network is detected, and a second nearby 
cell which is not overloaded is identified. For 
a radio use node that has a connection with the 
radio network , radio transmission from the first 
overloaded cell is prevented or at least avoided in 
the dovhuUnk direction from the radio network to 
the radio use node. Instead, a radio transmission 
associated with that connection is established or 
otherwise permitted from the second cell in the 
downlink direction to the radio use node. In a 
preferred, non-limiting. example embodiment, the 
prevented or avoided downlink radio transmission is 
a traffic transmission. On the otheitiaiKl, downtink 
control signaling associated with the connection 
from the first cell to the radio use node is permitted 
Also, in the preferred example embodiment, radio 
transmissions from the radio use node to the first 
cell in the uplink direction are permitted, and 
preferably maintained, while transmissions in the 
dowiilink (Urectton oris^te from the second cell. 
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INCREASED RADIO COMMUNICATION CAPACnT USING TRANSMIT 

POWER BALANCING 

FTFT n OP THE INVENTION 

The present invenriori relates to radio cotmnunications, and in particular, to 
balancing cell loads in a cellular radio communications network. 

R ArrCGRQUND ANH SUMMARY OF THE. INVENT ION 
In a cellular communications syrstem, a mobile radio station communicates 
over an assigned radio channd widi one or more radio base stations. Several base stations 
ate connected to a switching node which is typicalfy connected to a gateway that interfaces 
die ceflular communications system widi other communicadon systems. A call placed 
fiom an external network to a mobile station is direaed to the gateway, and from the 
gatew^througji one or more switching nodes to one or more base stations serving the 
called mobile station. The base station(s) pages the called mobile station and establishes a 
radio commxmications channel A call originated by the mobile stadon follows a similar 
path in the opposite direcrion. 

In a Code Division Multiple Access (CDMA) mobile communication 
system, spreadii^ codes are used to distinguish information assodated with different 
mobile stations or base stations transmitting over the same radio frequency band. In odier 
Tirords, individual radio "channels" correspoix-d to and are discriminated on the basis of 
these codes. Various aspects of CDMA are s et forth in one or more textbooks such as 
AppHcations of CDMA and Wvdess/?ersond CarnmMmaians, Garg, Vijay K. et al., Prentice- 
Hall 1997. 

Spread spectrum communications permit mobile transmissions to be 
leceived at two or more ("diverse") base stations and processed simultaneously to generate 
one received signal With diese combined signal processing capabilities, it is possible to 
perform a handover from one ba^e station to another, (or from one antenna sector to 
another antenna sector conneaed to die samte base station), widiout any perceptible 
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disturbance in the voice or data communications. This kind of handover is typically called 
soft or diversity handover. 

During diversity handover, the signaling and voice information from plural 
sources is combined in a common point -widi decisions made on the "quality^ of the 
received data. In soft handover, as a mobile station involved in a call moves to the edge of 
a base station's cell, the adjacent cell's base station assigns a transceiver to the same call 
while a transceiver in the current base station continues to handle that call as well As a 
result, the call is handed over on a make-before-break basis. Soft handover is therefore a 
process where two or more base stations handle the call simultaneously until the mobile 
stsdon moves sufficiently dose to one of the base stations which then exclusively handles 
the call. "Softer" handover occurs when the mobile station is in handover between two 
different antenna sectors connected to the sanae, multi-sectored base station using a similar 
make-before-break methodology. 

Certain problems must be considered in ia CDMA communications system. 
Because all users transmit information using tJie same frequenqrband at the same time, 
each user's communication interferes widi the communications of the other users, 
nierefore, the power of radio transmitters in a CDMA system must be carefully 
controlled. Another problem is that the physical characteristics of a radio channel vary 
significantly. For example, the signal propagation loss between a radio transmitter and 
receiver varies as a function of their respective locations, obstacles, weather, etc. As a 
result, large differences may arise in the stren^ of signals received at a radio receiver from 
different radio transmitters. If the transmissi-on power of a radio transmitter signal is too 
low, the receiver may not correctly decode a weak signal, and the signal will have to be 
correaed (li possible) or retransmitted. Acccr^rdingly, erroneous receipt of signals adds to 
congestion in a cell. Accordingly, a base statLon allocates desired transmit powers to 
downlink traffic channels, Ci.e., base-to-mobiI_€ stations), so that the mobile stations receive 
tie traffic information at an appropriate sign^ level The transmit power allocated to such 
tjaffic channels may be adjusted to accommca^date changbg channel conditions resulting 
fiom movements of mobile statidns, muHpa-^ii propagation, weather, obstacles, and 
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current interference level experienced in a cell. But the problem \wth increasing 
transmissions of one communication is that it adversely impacts other communications in 
the same cell or even adjacent cells by increasing the mterference level for those other 
communications. Thus, the transmit power levels corresponding to those other 
commvinications may also be increased in response to the increased interference which 
further compounds the overall interference problem. When the traffic load in a particular 
cell among the plurality of cells in a mobile communications network exceeds an overload 
condition, ^e., its capacity of traffic channels, traffic channel power, etc.), that cell is 
forced to block new mobile radio calls, or to even drop existing calls, in particularly severe 
overload conditions. In both cases, the system performance capacity is adversely 
impaaed. 

There is often a situation where two neighboring cells may have different 
traffic loads. The traffic load in one cell is too high, and die traffic load in a neighboring 
cdl is substantially lower. Rather than have tHe overloaded cdl reject calls or suffer 
deteriorated performance for existing calls, it -wouU be desirable to move some of the 
traffic fi-om the overloaded cdl to the non-overloaded cell to balance die transmit power 
level in those cells. By transferring some oftBe traffic load from die high load cell, the 
transmit power level in that overloaded cell is decreased, which improves performance m 
the loaded celL Performance is also improved in the underloaded cell because the 
transferred traffic means that the resources in. the underloaded cell are more efficient^- 
utilized. In addition, the service provided to -the transferred mobile users is not 
interrupted, and newfy- requested services need not be denied. 

One of transferring traffic load from an overloaded cell is to lower die 
handover threshold in that eel Fig. 1 shows three neighboring cells A-C. Cdl A contains 
radio user equipment nodes A and B (UE-A ^and UE-B) and is currendy in an overloaded 
condition. Cdls B and C are not overloaded,, and dierefore have additional capacity. By 
lowering the handover threshold for overloacded cell A, the cell border of cell A is 
effectively reduced fiom the normal cdl borc3er to a smaller, "shed" cdl border. Because 
«ser equipment A is outside die shed cdl bor-der, UE-A is handed over to one of cdls B 
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and C. By shedding user equipment connections from overloaded cell A to an 
underloaded cell (B or Q, the traffic load bersveen diese three cells is balanced. 

However, there are problems with chaaging die handover threshold in 
overloaded cell A to effect handover of UE-A to cell B or C. First, the uplink transmit 
power required (from UE to base station) to transmit signak from UE-A to the new cell B 
or C must increase in order to reach the base station in cell B or C. In other words, UE-A 
has a shorter distance to transmit in die uplink direcdon to the base station in cell A than it 
does to die base station in cell B for example. Having been handed over to cell B, UE-A 
must increase its transmit power to reach die base station in cell B. Uplink interference is 
increased as a result of the increased power of transmission in die uplink direction by 
UE-A- The inaeased interference causes other radio transmitters in cell A, B and C to 
increase their transmission power to compeasate for the increased interference. The 
increases in transmission power by UE-A and diese odier radio transmitters furdier 
increase interference in surrounding cells. Second, because UE-A is required to inaease 
its uplink transmit power, it consumes more "battery power than if it were simply 
transmitdng to closer cell A. Third, having to perform a handover of die connection from 
cell A to cell B requires added control signaling, and there is always a risk die connection 
may be lost. 

It is an object of the present iravention to provide a transmit power 
balancing scheme that optimizes die capacity of a mobile radio communications system. 

It is a furdier object of the present invention to provide downlink transmit 
power balancing without mcreasing uplink icaterference. 

It is still a furdier object to provide load balancing between overloaded and 
mderloaded cells that does not require haniover and handover control signaling. 

The present invention solves trhe above-identified problems and meets diese 
and other objectives using a transmit power "balancing mediod thai increases overall 
• <ommunication capacity without gaining smibstantial, additional control signaling. An 
overload condition in a first cell serviced by a radio network is detected, and a second 
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nearby cell which is not overloaded is identified. For a radio user node that has a 
connection widi the radio network, radio transmission from the first ceU" is prevented or at 
least avoided in a downlink direction from the radio network to the radio user node. 
Instead, a radio transmission associated with that connection is established or otherwise 
permitted from the second cell m the downlink direction to the radio user node. In a 
preferred example embodiment, the prevented or avoided downlink radio transmission is a 
trafec transmission. On the other hand, downlink control signaling associated with the 
comection from the first cell to the radio user node is permitted. Also, in the preferred 
esample embodiment, radio transmissions from the radio user node to the first cell in the 
uplink direction are permitted, and preferably maintamed, while ttansmissions in the 
downlink direction origjinate irom the second celL 

In a more detailed, non-limiting example implementation of the invention, 
tbeiadio network broadcasts to radio user nodes in or near die first cell an "avoid cell" 
message instructing radio user nodes eidier to avoid using or to not use the first cell for 
dcmilinktransmissions. In response, a radio -user node in the first cell can transmit an 
indcaior to the radio netwodcthat downlink -ciansmissions assodaied with die connection 
to ie radio usct node shouW preferably or necessarily be from die second cell depending 
oniow die invention is implemented. In an implementation v^ere die first cell is to be 
a-v<Eded, a scaling factor msy be used to reduce the diances diat die first cell is selected. 

IKRTVF DRSCRIPTIQTVT OF THF, DRAWINGS 
The foregoing and odier objecc, features, and advantages of die present 
intntion may be more readily understood wi.-th reference to die foUowing detailed 
decription taken in conjunction widi die acc-^mpanying drawings, wherein like reference 
nunerals designate like structural demaits, aJ«nd in which: 

Fig. 1 is a diagram illustrating t^liree ndghboring cells in whidi an overload 
ccdition in cett A is controlled by reducing ^ handover direshold to shed some of the 
tar^fic load to ndghboring cells B^or Q 
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Figs. 2 and 3 are diagrams of neighboring cells useful in describing the 
present raventioi^ 

Fig. 4 is a flowchart diagram iflustrating a transmit power balance routine in 
accordance with an example embodiment of the present inventioi^ 

Fig. 5 illustrates an example communications networic in which the present 
inveation maybe employed: 

Figs. 6 is a block diagram of an RNC and a base station shown in Fig. 5; 
Fig. 7 is a block diagram of a racJio user equipment node shown in Fig. 5; 

Fig. 8 is flowchart diagram illustxatmg an RNC node load balancing routine 
in atcordance with one aspea of the present invention as appHed to the communication 
system shown in Fig. 5; and 

Fig. 9 is a user equipment load balance routine in accordance with anodaer 
aspect of the present invention as applied to tdie communication system of Fig. 5. 

nFT An Fn DRSCRIPTICr^lSf OF THF, TNVKNTION 
In the following description, for purposes of explanation and not limitation, 
specific details are set forth, such as particular- embodiments, procedures, techniques, etc., 
in cider to pnjvide a thorough understanding of the present invention. However, it will be 
apiarent to one ^ed in the art that the present invention may be practiced in other 
etriwdimentsthatdepartfromthesespedfic details. For example, the present invention 
be implemented in aiiy celblar radio cot^amunications system. Although an example 
is irovided bdow for a specific CDMA radic^^ communications system, the invention is not 
lioiffed to this example. 

In some instances, detailed dess^criptions of well-known methods, interfaces, 
deices and signaling techniques are omitted so as not to obscure the description of the 
pr^ent invention with unnecessafy detail, l^oreover, individual fimction blocks are shown 
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in some of the figures. Those skifled in the art ^ apprcdate that the functions may be 
iirq)lemented using mdividual hardware drcuitis, using software functioning in conjunction 
•with a suitabfy^ programmied digital microprocessor or general purpose computer, using an 
Application Specific Integrated Circuit (ASIC) , and/or using one or more Digital S^al 
Processors (DSPs). 

The invention optimizes downlink capacity using transmit power balancing 
between several cells -without a handover, substantial additional control signaling, or an 
inaease in uplink interference. Reference is made to Figs. 2 and 3 for an iDustratnre 
example of the present invention. Fig. 2 shows a diagram of a plurality of cells A-F mh 
two radio user equipment nodes (UE-A and UE-B) located at overlapping cells A, B, C, 
and D. The inventors of the present inventioxi recognized that there may be different 
efieaive coven^e areas in the downlink direction (fi:om the radio network to the UE) and 
in the uplink direction (from the UE to the nidio networic). When there is no congestion 
in a cdl, die uplink and downlink coverage areas or cell borders can be viewed as 
substantial^- the same. However, when an overload condition exists in cell A, as shown in 
F^. 3, the present invention transfers downlink traffic firom high load cell A to a less 
heavily loaded cell, such as one of cells B, C, or D, to balance the output power level in 
these cells. In other words, the downlink output power level in cell A is decreased while 
tb downlink output power level in one of cells B, C, or D is increased. However, the 
uplink traffic load is maintained to avoid increased interference in cells A, B, C, or D and 
to avoid an unnecessary handover operation t::o cells B, Q or D. As a result, the overall 
system capacity on the downlink is increased -without decreasing capacity for the uplink. 

Fig. 4 illustrates a power balancdng routine (block 10) in accordance -with the 
general example embodiment of the present Laivention. An overload condition is detected 
in the first cell 1 (block 12). A nearby cell 2 is identified that is not in an overload 
condition (block 14). A radio user equipment: node is identified -with die connection to the 
ndio netwoikin cell 1 and cell 2 (block 16). IDownlink radio traffic transmission is^ 
aroided, and if desired, prevented from cell L to the user equipment node (block 18). For 
esample, a base station controller'simply instaructs die base sution in celll not to transmit 
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traffic to the user equipment node. However, the term "avoid" is used in the drawing 
because there may be drcunastances where it may be desirable or even necessary to permit 
downlink transmission. Downlink radio tra£Ec transmission is permitted in the 
underloaded cell 2 to the user equipment (block 20). Uplink radio transmissions from the 
iiser equipment to cell 1, as well as control signaling between cell 1 and the user 
equipment, are permitted (block 22). However, the UE transmits on the uplink without 
knowing which base station listens to the uplink message. Accordingly, there is no 
decision in the UE to transmit or not transmit to a specific base station. 

Because uplink radio and control signaling transmissions are permitted, the 
radio user equipment does not have to increase its transmit power in the uplink direction 
to reach the base station in cell 2 which is fardher away from the user equipment than the 
base station in cell 1. This ensvires the uplink interference is not increased to the detriment 
of other communication. User equipment battery is also conserved. This is also true for 
the control signaling load in the downlink direction from the base station in cell 1 to the 
user equipment. That downlink control signaling does not need to be increased as it would 
be if the downlink control signaling were sent from the base station m cell 2 which is 
further away from the user equipment. Still further, there is no need to orchestrate a 
handover procedure which increases signaling overhead and always has the risk of losing a 
call. Nor is there a need to change the hando'ver parameters which trigger a handover as 
vould be required if the approach taken in Fig. 1 were adopted. 

The present invention finds particular (although not limiting) application to 
a Universal Mobile Telecommxmications System (UMTS) such as that shown at reference 
numeral 100 in Fig. 5. A representative, circuit-switched core network, shown as 
doud 120, may be for example the Public Switched Telephone Network (PSTN) or the 
Integrated Services Digital Network (ISDN). A representative, packet-swicched core 
network, shown as cloud 140, may be for example an IP network like the Internet, Both 
core networks are coupled to corresponding core network service nodes 160. The 
PSTN/ISDN circuit-switched network 120 is connected to a circuit-switched service node 
shown as a Mobile Switching Center (MSG) 180 that provide circuit-switched services. 
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The packet-switched network 140 is conneaed to a General Packet Radio Service (GPRS) 
node 200 tailored to provide packet-switched type services. 

Each of the core network service nodes 180 and 200 connects to a UMTS 
Tetrestrial Radio Access Networis (UTRAN) 240 that includes one or more Radio 
Network Controllers (RNCs) 260. Each RNC is connected to a plurality of Base Stations 
(BSs) 280 and to other RNCs in the UTRAN 220. Each base station 280 corresponds to 
one access point (one sector or cell) or includes plural access points. Radio 
communications between one or more base station access points and a Mobile Terminal 
i^^jn) 300 (one type of wireless UE) are by way of a radio interface. A mobile terminal is 
an example of a wireless user equipment. Radio access in this non-limiting example is 
based on Wideband-CDMA (W-CDMA) with individual radio channels distinguished 
usbg spreading codes. Wideband-CDMA pro^des wide radio bandwidth for multi-media 
services induding packet data applications thar have high data rate/bandwidth 
requirements. One scenario in which high speed data may need to be transmitted 
downlink from the UTRAN over the radio interface to a mobile terminal is when the 
mobile terminal requests information from a computer attached to the Internet, e-g., a 
website. 

Additional details of a base station and a radio network controller are now 
provided in conjxmcrion with Fvg. 6 and the ra.dio user equipment node in conjunction 
wrfi Fig. 7. Each radio network controller (R3S[C) 260 includes a network interface 304 for 
interfacing communications with varioiis base stations. Within the RNC 260, the network 
interface 304 is connected to a controller 302 ^d to a diversity handover unit pHO) 306. 
Diversity handover unit 306 performs functio Jis required for establishing, maintaining, and 
dropping diversity handover connections. 

Each base station 280 includes ^ corresponding network interface 308 for 
interfacing with the RNC 260. In additionrthte base station includes a controller 310 
connected to a plurality of transceivers (rRX> 314, 316, and 318, as well as a transmit 
power controller 320. Controller;310 controls the overall operation of the base station. 
Jepresentative transceivers 314-3 18 are individual^ assigned to specific communications 
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with mobile stations. At least one transceiver is employed as a common control channel 
over which the base station transmits commoji signaling such as a pilot signal or a PERCH 
signal. The common channel is monitored by mobile stations within or near that base 
station's cell, and is also used to request a workii^ channel (uplink) or to page a mobile 

5 station (downliok). Transmit power controller 320 participates in downlink power control 
procedxjres. In particular, s^al strength and/ or signal quality measurements (like signal- 
to-interference ratio) are determined by the transmit power controller 320 using 
information relating to received signals provided by the transceivers 3 12-3 18. With this 
irformation and information received from ttie KNC 260, the controller 310 and the 

10 transmit power controller 320 determine the power level of transmissions from the 
transceivers 312-318. 

Referring now to Fig. 7, radio user equipment node 300 includes a 
controller 350 conneaed to a RAKE receiver 352, a transmit power controller 362, and a 
transmitter 360- The mobile station's transmit power controller 362 uses uplink power 

15 control commands from the one or more base stations to adjust the mobile's uplink 

transmit power up or down by an appropriate increment in accordance with the received 
commands. The RAKE receiver 352 includes plural receivers 354 and 356 (there may be 
additional receivers as wel^ connected to a diversity combiner 358- The transmissions 
from one or more base stations are received as multipaths in the receivers 354 and 356, 

20 combined in a diversity combiner 358, and pirocessed as one signal. Controller 350 

detemiines received signal strengdi (RSS) and/or signal quality, e.g., signal-to-interference 
latio (SIR), values of received signals. Based upon the RSS or SIR measurements of the 
diversiiy-combined signal, the controller 362 generates transmit power control indicators 
or commands and transmits them via transmitter 360 to base stations in its active base 

25 station candidate list. 

In a non-limiting, example of t:he present invention described in the context 
of the cellular radio co^im^mications system shown in Fig. 5, one or more radio network 
controllers monitors the downlink transmit power level for traffic channels in all cells. 
Qnce that power level in a cell exfceeds a cercain threshold, e.g., a percentage of the 
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maamum load for thai cell, the associated RNC investigates which radio user equipmeat 
nodes have a connection leg in the overloaded ceU. The earUer example implementation 
used control signals from a base station controUer, (similar to but not limited to an RNC), 
to instruct a base station in die overloaded cell not to transmit traffic to the UE node. 
This example implementation also invokes the UE node in die process. 

Tlie radio network controller broadcasts a message to the user equipment 
nodes tiiat have a leg in die overloaded cell to avoid (or if desired, to completely abstain 
from) using that highly loaded cell For example, a "cell avoid" message is sent as a cell 
control indicator in a protocol level 3 message to all user equipment nodes having a leg in 
tiieoverloaded cell. For odier user equipment nodes diat attempt to establish a new 
connection to die overloaded cell, die cell control indicator is provided to diat user 
eqtipment node in die normal connection esrablishment control signaling. In effect, die 
cell control message informs radio user equipment nodes diat a certain cell in diat user 
equipment's active set should be avoided. Ttte user equipment dien measures die received 
signal, strengdi or signal quality for all cells in. its active set and chooses die ceE widi die 
hiitest received signal strengdi or quality. Preferably, die user equq>ment node selects die 
"best" cell for each transmissbn frame, e.g., greatest RSS, SIR, etc The user equipment 
measures a downlink transmission from all cells in its candidate set, for example, die 
ccanmon channel pilot signal transmitted by tie base station m each cell 

One example w^fordieUE j^iode to make die selection is to We» die 
received signal strengdi or signal quahty frorrri die overloaded cell using a factor less dian 
one, e.g., 0.8. The scaling faaor m^ be adjvi-sted so diat it decreases as die load in die 
OTerloaded cell increases. As a result of sucfc»- scaling, die received signal strengdi or signal 
qpflhtyfrom die overloaded ceU needs to be -considerably better dian die odier cells indie 
a.<flve set to be selected. For example, if die scaling faaor U 0.5 for an overloaded cell, 
tltt overloaded cell would have to have a si^al strengdi or quahty measurement tiiat is 
tice as good as a neighboring ceU diat is no---t overloaded in order to be selected by die 
opbile station. This permits use of an overloaded cell for several frames if it is the only 
c^pon. Alternatively, mukiple loid tiireshoL-cU and corresponding multiple scahng faaors 
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caa be used The scaling factor may also depend on the type of service being rendered to 
the user equipment such as voice, data, video, etc. 

Once the cell selection is made "by the raxlio user equipment node using the 
cell control indicator message, the radio user equ^ment node may transmit a cell or site 
sdecdon indicator message on the uplink to select one or more uncongested cdls 
preventing downlink transmissions from the overloaded celL In essence, the base station 
sends a message to the user equipment that ar^aong the available cells in the active set to 
avoid xising a soft handover leg to the congestred cell. Based on that received message, the 
user equipment sends a message on the uplink:, such as a site selecdon diversity (SSDT) 
indicator, to identify the cell that will send the downlink transmission to the tiser 
equipment for a particular frame. 



Consider the followii^ example based on Table 1 below: 



Table 1 




Cdll 


Cdl2 


Cdl3 


Cell4 


CeU5 


CeU6 


CeU7 


Downlink 
power % 
of max. 


20 


30 


75 


40 


10 


80 


20 


UEl 


X • 


X 


X 










UE2 


X 


X 




X 








UE3 




X 




X 


X 






UE4 






X 


X 




X 




UE5 










X 


X 


X 


UE6 


X 


X 










X 


UE7 


X 










X 


X 



The horizontal axis lists cells 1-7, and the vertical axis lists the radio user equipment nodes. 
Each user equipment node has an active set tzhat specifies all cells to which the user 
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equipment node is coupled, Le., it has a soft handover 1^ to that cell The active set for 
the user equipment node is indicated by X's. 

Assume that the cell load threshold is set to seventy percent of the downlink 
nw-g^mnm Different load thresholds may be set for different cells. Cells 3 and cell 6 are 
therefore considered overloaded. For each overloaded cell, the RNC controller determines 
"which \aser equipment nodes have a soft handover leg in that overloaded cell. In this 
aample, each \iser equipment node has an active set of three cells. For each user 
equipment node widi a soft handover leg in the overloaded cell, Le., the overloaded cell is 
in that user equipment node's active set, an "avoid cefl" message is transmitted ftom the 
ENC to cell base stations. Such an avoid cell message can simply be a flag indicatmg that 
the cell should be avoided. As a result, the base station in the overloaded cell simply does 
not send downlink traffic transmissions to that celL 

The avoid cell message may also be sent to the UEs. A user equipment 
node can respond to the avoid cdl message by simply scaling down a recdved signal 
strength or signal quality measurement detected for the overloaded cell. "When the user 
equipment compares the received signal streagth/signal quality measurement on all cells m 
its active set, the scaled down value corresponding to the congested cell makes it unlikely 
the congested cell is selected. 

In this example in Table 1, user- equipment nodes 1 and 4 include a 
handover leg connection in cell 3. User equipment node UEl can select cells 1 and/ or 2 
XD transmit traffic in the downlink direction to UEl. User equipment node UE4 has two 
active set cells 3 and 6 in an overload condition. Therefore, cell 4, which is the only 
unloaded cell in UE4's active set, is seleaed for downlink traffic communication or is at 
least preferred for downlink traffic transmissions. 

In both situations, the transmit: power load on traffic channels in cells 3 
and 6 is reduced, while the downlink traffic load is inaeased in traffic cells 1, 2, and 4. 
Snce the downlink traffic power in cells 1, 2,. and 4 is considerably below the overloaded 
threshold, this redistribution achieves more iMiform transmit power balancing resulting in 
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increased capadty. Moreover, this power balancing is achieved without increasing i^link 
signaling or requiting a handover. The uplink traffic transnoission from the user 
equipment to the base station is maintained at a lower power level, as can be seen in the 
example in Fig. 3, because user equipment UB-A and UE-B are closer to the base station 
in overloaded cell A than in underloaded cells B and C. In addition, control signaling can 
stfll be maintained in both uplink and downlirik directions between the user equipment and 
the closest cell. One non-limitmg example o£ information incltided in a traffic 
transmission in the UTRAN of Fig. 5 includes user information carried by logical traffic 
channek, and if desired, also some control information between the RNC and UE carried 
by a control channel. An example of downliink control signaling might indude pilot 
information and transmit power control information. Of course, traffic transmissions m^ 
be configured to only indude user information, and control signaling may be configured, if 
desire4 to indude some nainimal user infonraarion. 

Fig. 8 illustrates an KNC load balance routine (blodt 400). First, the RNC 
monitors die downlink power in all cdls in a group for which the RNC is responsible 
(blodc 402). The RNC detects when the downlink traffic power levd in a particular cell 
fiom that group exceeds an overload threshold (blods 404). Once an overload condition in 
cell X is detected, the RNC determines whicta user equipment nodes have a soft handover 
leg in cell X (block 406). Tlie RNC then sen<ds a cell control indicator or message via its 
corresponding base stations thereby requestiang user equipment nodes to avoid cell X for 
downlink traffic if cell X is in die user equipment node's active set (block 408). The RNC 
ien continues to update downlink power traffic levels in each cell, monitor soft handover 
legs, and provide cdl control indicators in ac<:ordance with the previous steps (block 410). 

A user equipment load balance routine (block 500) is now described in 
conjunction with Fig. 9. The user equipmenrc node receives a cell control indicator 
message generated by the radio network conrtrol node via one or more base stations 
(block 502). The user eqtjipment node mea^wes the recdved signal strengdi ^S) or 
recdved signal quality (RSCJ) for all cells in t3ie user equipment node's active set 
(block 504). In one example imidementatioEn, the user equipment sdects die cdl m its 
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acwe set with the greatest RSS or RSQ, but does not consider tiie overloaded ceU 
indicated in the cell control message (block 506). Alternatively, the user equipment may 
scale the RSS or RSQ of dbie indicated overloaded cell with a scaling faaor less than one. 
After scalmg, the user equipment then selects a cell in its acdve set with the greatest RSS or 
RSQ where the overloaded ceU is included but widi a "discounted" RSS or RSQ, making it 
unlikely that the overloaded cell will be selected. However, the overloaded cett b still 
available for selection if necessaty. Once a particular cell is selected by the user equipment 
to transmit downlink traffic to the user equipnaent for a particular frame, the user 
equipment sends a conesponding ceU selection indicator in an uplink message to the base 
stations in its active set to indicate whidi cell is to transmit traffic on die next downlink 
frame (blods 510). As mentioned above, the user equipment node maintains uplink traffic 
transmission to the congested cell even though the congested cell does not or avoids 
traosmitdi^ to the UE node. 

While the present invention has been described with respect to particular 
example embodiments, those skilled in the art: ^ recognize that the present invention is 
not limited to those specific embodiments described and illustrated herein. Different 
formats, embodiments, adaptations besides those shown and described, as weQ as many 
modifications, variations and equivalent arrangements may also be used to implement the 
mvention. Accordingly, it is intended that the invention be limited on^ by die scope of 
the daims appended hereto. 
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WHAT IS CLAIMED IS; 



10 



15 



20 



1. In a radio conununications system (100) for conducting communication 
betv^een a radio network (220) and radio user nodes (300) over a radio interface, a method 



comprisiog: 



LSiog: 

detecting a first load condition in a first cell area serviced by the radio network; 
idtQtifying a second cell nearby tht first cell having a second load condition; 
identifying a radio user node with a connection with the radio network; 
avoiding a radio transmission associated with the connection fi:om the first cell in a 
downlink direction to die radio user node; and 

permitting a radio transmission associated vnth the connection firom the second cell 

in the do\xrnlink direction. 

1 The method in claim 1. wherein the firstload condition is an overload 
condition and the second load condition is not axi overload condition. 

3, The method in claim 1, wherein tiae connection is a soft handover 
coonection with a first leg between the first ceU ^d die radio user node and a second leg 
between the second cell and the radio user node. 

4, The method in claim 3, fijrther cosrxicpasms. 

staining transmission over the first le^ to the first ceU in an uplink direction 
feom the radio user node to the first cell. 

5. The method in claim 1, furdier co:ciiprising: 

;« „^ ^ the first cell an avoid cell message in 
broadcasting to radio user nodes in or n& «x mc l 

. , . ^ „ fVi*» firqt cell for downlink transmissions. 

order to cause the radio user nodes to avoid usisr^g the tirst cell tor now 

6. Tilt method in claim 1, further cc^^P^^^S^ 

V 1 ^ fH_ radio user node in the first cell 

leceivmg an uplink transmission tcom to- ^ 



. . The me&od in claim 6. wherein t^e uplinkmnsmission indicates diat 
downlink transmission should be firom the seco c^^- 
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a The method in claim 1, wherein the prevented radio transmission is a traffic 
type of adio tiansmission, the method further compnsii^- 

tansmitting a control signal radio transmission associated with the connection 
firom the first cell to the radio user node in the do-wolink direction. 

9. The method in claim 1 , further coaiprising: 

broadcasting to raio user nodes in or neax the first cell a scaling fector for scaling a 
cell panmeter value measured by the radio user nodes in die first celL 

10. The methodinclaim9, wherein the cell parameter is received signal strength 
or signal quality. 

11. The methodin claim 1, wherein the avoiding step indudes preventing radio 
transtiission associated with the connection froirt the first cell to the radio user node. 

12. In a radio communications system COO) 

betwe« a radio network (220) and radio user noaes (300) over a radio interface, apparams 

for xxstin a radio network, conq)rising: 

a detector (312-320) for detecting a first Ic^ad condition in a first cell area serviced 
by theiadio network and a second load conditiotri in a second cell nearby the first cell, and 

a controller (310, 320) configured to perform die following tasks: 

to avoid radio transmissions associated with a connection between a radio 

user node and die radio networic firom die fitst cell in a downlink direction to the 

radio uset node, and 

to permit a radio transmission asso dated widi the connection firom the 

second cell in the downlink direction. 

13. The apparams in daim 12. wherein the first load condition is an ovedoad 
aaadSon and tiie second load condition is not ovedoad condition. 

14. The apparatus in daim 12, wherei*=^ the connection is a soft handover 
coition Willi a first leg between dxe-fixst cdl ^d the radio user node and a second leg 
be-twen the second cell and tiie radio user node — 
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15. The apparatus in claim 14, the contiollet is configured to perfoim the 
fiitthettask of: 

maintaining transmission over the first leg to the first cell in an uplink direction 
ficom 4e radio user node to the first cell. 
5 16. The apparatus in claim 12, the controUet is configured to perform the 

further task of: 

broadcasting to radio user nodes in or neai the first cell an avoid ceU message in 
order ID cause the radio user nodes to avoid using the first cell for downlink transmissions. 

17. The apparatus in claim 12, the contaroUer is configured to perform the 

10 fiuthtt task of: 

permitting an uplink transmission firom the radio user node in the first cell. 

18. The apparatus in claim 17, wherein tie uplink transmission indicates that 
dowiink transmission should be firom the second celL 

19. The apparatus in claim 12, wherein the prevented radio transmission is a 
15 ttaffictype of radio transmissk>n. the controller is configured to perform the further task 

of: 

transmitting a control signal radio transmission associated with the connection 
ficonlhe first cell to the radio user node in the do-wnlink direction. 

20. The apparatus in claim 12, wherein, the controUer is configured to perform 

20 the kther task of. 

broadcasting to radio user nodes in or nea^ the first ceU a scaling fector for scaling a 
ceU ptameter value measured by the radio user ni-odes in die first cell 

21. Hie apparatos in claim 19, whereii* the cell parameter is received signal 
sttreStfa or signal quality. 

25 22. Iteapparatus of daim 12. whereicrt the controller is configured to prevent 

ta<3i traffic transmissions firom the first ceU to d=ie radio user node. 
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23. In a radio conmrunications system (100) for conducting communication 
between a radio network (220) and radio user nodes (300) over a radio interface, apparatus 
for use in a radio user node, comprising: 

a radio receiver (356) configured to receive cell selection control information from 
the tadio network identifying a first cell; and 

a controller (350) configured to identify an active set of cells including the first cefl 
and to select a cell firom the active set other than the first cell to transmit traffic 
information to the user equipment in response to -dhe cell selection control information. 

24. The apparatus in claim 23, further comprising: 

a radio transmitter (360) configured to trarxsmit traffic information £tom the user 
equipment to the first cell 

25. The apparatus in claim 23, further czomprising: 

a radio ttansmitter (360) configured to traixsmit control information to and firom 
the user equipment to the first cell. 

26. The apparatus in claim 23, fardier comprising: 

a detector (350)configured to detect a signal parameter value of signals received 
firom cells in the active set of cells, 

wherein the controUer is configured to select the cell in the active set other than the 
first cell that has the highest detected signal parameter value. 

27. The apparams in claim 23, wherein the signal parameter is signal strengdi or 
sigiial quality. 

28. The apparatus in claim 23, wherein a cell selection indicator is transmitted by 
the transmitter identifying the selected cell. 

29. The apparatus in claim 23, wherein the controller is configured to adjust a 
si^al parameter value corresponding to the first *^eU in response to the cell selection 
control information and to select a ceU fiom the active set to transmit traffic information 
tothe user equipment, the apparatus fiarther comrprising: 
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a radio tiaGsmitter configured to transmit the selected cell to die radio network. 

30. The apparatus iq claim 29, whereia tie radio transmitter is configured to 
transmit traffic information from the user equipment to the first cell. 

31. The apparatus in claim 29, wherein tJie controller is configured to scale the 
signal parameter value corresponding to the first cell to reduce the signal parameter value 
corresponding to the first cell. 

32. The apparatus in r^^^^rn 31, wherein the controller is configured to scale the 
signal parameter value corresponding to the first cell in accordance with the level of 
congestion in die first cell. 

33. The apparatus in claim 32, wherein the controller is configured to reduce the 
signal parameter value, corresponding to the first cell as die congestion-level in die first cell 
increases. 
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